DATA SOURCES
Reports of insects attacking ferns are scattered throughout the entomological and botanical literature. Most reports are of minor observations of one or a few insect species attacking ferns. One report is concerned with the fern insect fauna of a geographical region and three address themselves to the insect fauna of one species, Pteridium aquilinum (Meikle 1937; Weiczorek 1973; Lawton 1976) . Surveys listing host plant information for major groups of insects were the main sources of information used in compiling my list of insects utilizing ferns as a food source. (The species list and data sources are Appendix A.) Arrangement of this list follows the nomenclature of Borror et al. (1976) .
Recently, Balick et al. (1978) have independently compiled a list of fern-eating arthropods. In order to utilize as extensive a data base as possible, the survey presented here and that of Balick et al. have been carefully compared. Their extensive survey includes parasitic and predatory species "associated" with ferns as well as members of the Acarina. These groups are not included in the data base since the analyses presented here concern only phytophagous members of the Insecta utilizing ferns as a food source. About 45 species of the approximately 464 species reported in the Balick et al. survey fall into this category. An additional 25 species feeding or associated only with dying, dead, or decaying ferns have also been eliminated since their ecological and evolutionary effect on the fern is probably negligible. On the basis of available information, seven other species listed by Balick et al. as phytophagous fern-feeding species have been eliminated for a variety of reasons. Eight species listed by Balick et al. as "associated" have not been deleted. These deletions and additions are recorded in detail in Appendix B.
After these manipulations, the major difference between the two surveys is the far greater number of Coleoptera included in the Balick et al. survey . This accounts for 41% of the fern-feeding species listed by Balick et al. that are not included in this survey. Lepidopteran species represent an additional 20% of this difference. Of the 250 species listed here, about 70 are not recorded in the Balick et al. survey (see Appendix A) .
The combined data of both surveys is used in all calculations except the analysis of the degree of monophagy of fern feeding species. In this instance only the data from the survey presented here is utilized.
The completeness of the totals presented here is difficult to estimate with precision since the possibility exists that some literature has been overlooked in both surveys. Also, the ordinal totals can only be approximated because some references do not specify the exact total number of species in a particular genus that feed on ferns. As noted by Balick et al., synonymy and erroneous identifications are also sources of error difficult to overcome. These problems suggest that the conclusions drawn here should be reviewed at a later date when more data accumulates, but this does not invalidate the trends presently seen.
Data on the number of phytophagous insects per order (table 1) are based on the calculations of Frost (1954) . When possible these figures have been updated to reflect the increased knowledge of the number of insect species known and their biology. Except for the Coleoptera, Frost's estimates of the percentage of phytophagous species in the major orders have been substantiated and, therefore, applied to the estimations of total species per order of Borror et al. (1976) . The estimation of phytophagous Coleoptera was gleaned from an analysis of the survey of the Coleoptera by Britton (1970) . The significance of differences between the number of insects attacking vascular plants in general and the number attacking ferns was judged by x2 analysis.
NUMBER OF INSECTS ATTACKING FERNS
The estimate of the number of insects reported to use ferns either partially or wholly as a food source is approximately 465 species in 230 genera. This number is impressively small considering that about one-half of the estimated 726,000 species of insects are phytophagous (table 1) . A rough estimate of the utilization of ferns and flowering plants indicates that the ratio of fern-feeding insects to fern species is 1:19 but the ratio of all phytophagous insects to angiosperms is less than 1:1 (table 2) . On this basis one would expect about 25 times as many insects to attack ferns as actually do.
A precautionary note is necessary in relation to this estimate because it must be considered that little field work has been expressly directed at analyzing the insect fauna of ferns. It is quite possible that this estimate may be substantially reduced when additional information becomes available. However, the validity of the hypothesis that ferns are utilized less than flowering plants by phytophagous insects will in all probability stand the test of time. In order to reduce the estimated 1:19 ratio to a ratio equivalent to that for angiosperms it would be necessary to discover about 11,000 insect species not previously known to utilize ferns! Comparisons at the ordinal level of the numerical relationships between phytophagous insects in general and fern feeding insects (table 3) show that all major insect orders containing phytophagous species are significantly underrepresented on ferns except for the Collembola. It is interesting that the Collembola, an old order originating in the Devonian Period (Crowson et al. 1967) , is not underrepresented on ferns. Note, however, that the Collembola represent less than 1% of the species known to attack ferns. As a group the Pteridophyta appear to be underutilized as an insect food source, but the utilization level of individual species or certain fern floras may vary widely. Lawton (1976) points out that the insect fauna of Pteridiurn aquilinum is not less than expected, but this is not surprising when the ecology of P. aquilinum is considered.
Bracken fern is a woodland species, but has spread rapidly into other communities following disturbances by man (Watt 1976) . In addition to woodlands, present habitats of P. aquilinum include abandoned fields, open hillsides, pastures, and recently burned over areas (Kingsbury 1964) . The production of an extensive, vigorous rhizome system can lead to thickets of bracken in these habitats, and bracken may also utilize allelochemicals in its spread to open habitats (Gliessman and Muller 1972) . More important, bracken is the most widely distributed of all ferns and possibly most widely distributed of vascular plants with the exception of a few annual weed species (Page 1976 ).
Because P. aquilinum is such an atypical member of Pteridophyta, the general concept that the ferns are underutilized as a food source is not invalidated. Even considering that few ferns have been as intensively sampled as has bracken, it is doubtful that such sampling of a large number of other ferns would inevitably lead to conclusions similar to Lawton's for all of these ferns.
An analysis of the insect utilization of the fern flora of the Hawaiian Islands suggests that ferns are utilized to a greater extent in Hawaii than elsewhere. The flora of the Hawaiian Islands contains about 168 species of ferns (Smith 1972) , about 1,700 species of angiosperms (Stone 1967) , and about 6,500 insect species (Zimmerman 1970) . About one-half of the latter could be expected to be phytophagous. Of this group about 49 species are known to utilize ferns. Thus, the ratio of fern-feeding insects to ferns is approximately 1:3.5, nearly a five-fold increase over the worldwide estimation.
Considerations of two factors can nearly account for this unexpectedly high ratio. First, the ratio of ferns to angiosperms in the Hawaiian Islands is about 1: 12 compared to a worldwide fern to angiosperm ratio of 1:30. Thus, the fern contribution to the flora is about 2.5 times greater than elsewhere. Also, the ratio of phytophagous insects to angiosperms in the islands (1:0.52) is about 1.5 times greater than the same ratio calculated on a worldwide estimation of numbers of species. On the basis of these crude considerations at least four times as many insect species would be expected to be associated with the Hawaiian ferns as elsewhere. Considering the rarity of parasitic and predatory insect species in the Hawaiian Islands (Zimmerman 1948) , the estimated proportion of phytophagous insects (one-half of the total number of species) may be low. Any increase in this proportion would further increase the number of insect species expected to be associated with the Hawaiian ferns.
At least a portion of the greater utilization of Hawaiian ferns can be accounted for on the basis of extensive adaptive radiations in Hawaiian insects which has led to an unusually high degree of species proliferation and diversification in the Hawaiian Islands (Zimmerman 1970) . Evidence for this is seen in the fact that 57% of the Hawaiian fern-feeding insects belong to endemic genera (Zimmerman 1948 ). An additional 27% of the fern-feeding species are endemic, although the genera are not. Even though the level of insect utilization of Hawaiian ferns is greater than elsewhere, about 10 times as many insects should be associated with the Hawaiian ferns as are associated, if the level of utilization is to be equivalent to that of the Hawaiian angiosperms.
The anomalies in the number of insects associated with P. aquilinun? and the Hawaiian ferns do not invalidate the general conclusion that ferns are utilized by insects at significantly lower levels than angiosperms. These specific examples merely serve to emphasize the obvious ecological reality that utilization levels of ferns by insects will vary from species to species and from geographical area to geographical area.
DISTRIBUTION OF INSECTS ATTACKING FERNS
The orders and families of insects feeding on ferns are displayed in table 4.
Although all the major orders containing phytophagous insects are represented, 70% of these species belong to the Homoptera (28%), Coleoptera (22%), or Lepidoptera (22%). The relative number of insects per order utilizing ferns is not representative of phytophagous insects in general (table 5) . Significantly fewer Orthoptera, Lepidoptera, and Coleoptera, and significantly more Hemiptera, Homoptera, Collembola, Thysanoptera, and Hymenoptera attack ferns than would be expected. No significant differences between observed and expected numbers of species is detected in Diptera.
Overrepresentation among the Hemiptera is due to insects belonging to the largest family of the order, the Miridae. This family represents 50% of the fernfeeding Hemiptera. Another relatively large family, the Lygaeidae, represent an additional 34%. The larger-than-expected number of Homoptera and Hymenoptera among insects which do utilize ferns is mainly due to the representation of three large families. About 45% of the Homoptera are represented by the Aphididae and Coccidae. The remaining 55% are scattered throughout 10 additional families. In the Hymenoptera the species attacking ferns are restricted to three families with 90% of the species in the Tenthredinidae.
In other orders, both underrepresented or equivalently represented, a similar pattern emerges. The Noctuidae contain 30% of the Lepidopterean species attacking ferns, a percentage twice as high as any of the other 14 families represented. Among the Diptera 10 of the 26 species belong to the Anthomyiidae. In the order Coleoptera 70% of the fern-feeding species belong the family Curculionidae.
Because the number of species in the remaining orders represented on ferns is so small, no apparent similar pattern of utilization can be detected.
Division of fern-feeding species into broad categories based on their type of metamorphosis reveals that 44% are hemimetabolous insects while the remainder are homometabolous insects. These figures are similar to those derived by Balick et al. (41% and 59%, respectively) . In contrast, only 20% of all phytophagous insects have simple metamorphosis, while 80% have the more advanced complete metamorphosis. Chi-square analysis indicates that these differences are significant.
FEEDING HABITS OF INSECTS ATTACKING FERNS
Because the insects attacking the Pteridophyta are not a representative sample of phytophagous insects in general, it is not surprising that the feeding types of these insects are also not representative. Most striking is the large percentage of insects with sucking mouthparts. The orders Thysanoptera, Hemiptera, and Homoptera contain 14% of all phytophagous insect species but represent slightly more than 41% of the insects attacking ferns. These differences are highly significant in a x2 analysis. Approximately 43% are leaf chewers with the remainder more or less evenly divided between root feeders, spore feeders, miners or borers, and gall formers (Balick et al. 1978) . Division of the feeding habits of insects utilizing ferns into the categories of monophagous (feeding only on ferns) and polyphagous (feeding on ferns and flowering plants) indicates that approximately 35% subsist only on ferns while 45% feed on both ferns and angiosperms (table 6). Host plant information necessary for categorization of nearly 20% of the species in this survey is lacking. Also, no attempt has been made to determine the degree of utilization of ferns by the polyphagous species. This may vary widely.
The percentage of monophagous fern-feeding species determined on the basis of this survey is strikingly lower than the similar figure reported by Balick et al. They conclude that 73% of the species listed in their survey are monophagous on ferns and they arrive at this figure by subtracting the number of polyphagous insects from their total number of species. Thus they make the assumption that the remaining species are restricted to ferns, even though evidence for this may be lacking. In fact, this is a poor assumption since a cursory comparison of the two surveys yielded over 20 polyphagous species that Balick et al. include by default as monophagous. A careful analysis would probably reveal more errors of this nature. Certainly, both the estimations presented here and those of Balick et al. should be carefully reviewed in the future as more host-plant information accumulates.
Analysis of the feeding habits of these insects at the ordinal level demonstrates that only the Hymenoptera and Diptera have greater than 50% monophagous members. All the remaining orders have less than 40% of the species monopha-gous. These figures should be accepted with caution since, as indicated, host-plant information is often unreliable or not available.
Analysis at the familial level reveals that few insect families have specialized to any extent on ferns. Those families with nine or more species attacking ferns and with greater than 50% of the members monophagous include the Anthomiidae (88.9%), Aphididae (56.7%), and the Tenthredinidae (65.2%). The remaining important families have less than 50% of their members monophagous, and in some cases it is considerably less. These families include the Noctuidae and Cicadellidae (40%), the Coccidae (9.1%), and Diaspididae (0.0%). Adaptive radiations at the generic level also appear to be infrequent among fern-feeding insects. Slightly more than 70% of the fern-feeding insect genera have only one species that utilize ferns as a food source (table 6 ). Those genera with five or more species attacking ferns account for only 5% of total number of genera represented.
The feeding habits of those insects that attack angiosperms as well as ferns have been analyzed to determine whether they feed exclusively on woody angiosperms, both woody plants and herbs, or only herbs. About one-third of these polyphagous species feed only on woody angiosperms and about 40% feed on both woody and herbaceous angiosperms. Most of the insects in the latter group feed on more woody species than herbaceous ones. A general impression is that these latter species also tend to be widely polyphagous. About 26% of the polyphagous species feeding on ferns feed exclusively on herbaceous flowering plants. DISCUSSION The results presented here substantiate and quantify the often-stated view that in general the ferns are underutilized as a food source by phytophagous insects. In addition, further analysis of the data demonstrates that those insects which do utilize ferns are not a representative sample of all phytophagous insects and that little specialization on ferns by phytophagous insects has occurred at the family level. At the generic level only a few genera are represented by five or more fern-feeding species. These results should be subject to both evolutionary and ecological interpretations.
Evolutionarily, the ferns are an old group. During the Carboniferous period the swamp forests consisted of a variety of lycopods, calamites, pteridosperms, and cordaites, with a ground cover of smaller pteridophytes (Smart and Hughes 1973) . By the late Carboniferous the ferns were a major component of the flora. The fern families of this period include the Marattiaceae, Osmundaceae, Schizaeeceae, and Gleicheniaceae, all of which have fossil records dating back to the late Paleozoic (Smith 1972) . During the Permian, a period characterized by changing ecological conditions, there was a shift in the vegetation from a pteridophyte-dominated to gymnosperm-dominated flora (Smart and Hughes 1973) . However, the ferns remained a conspicuous part of the flora during the Mesozoic (Arnold 1964) . The modern families Matoniaceae, Dipteridaceae, Dicksoniaceae, Cyatheaceae (Smith 1972) and Hymenophyllaceae (Banks et al. 1967) were present by the Triassic or Jurassic and, in general, the ferns remained an important part of the vegetation until at least the Oligocene (Kremp and Kawasaki 1972) .
When the ferns were reaching their height during the late Carboniferous and early Permian periods many of the modern groups of phytophagous insects began to appear. These include the Homoptera, Hemiptera, Thysanoptera, and the suborder Ensifera of the Orthoptera (Riek 1970) . The fossil records of the Triassic and Jurassic Periods include the Diptera, the superfamily Curculionoidea of the Coleoptera, and the suborders Symphyta (Hymenoptera) and Caelifera (Orthoptera). The abundance of ferns in the Mesozoic flora must have represented a potential food source for these groups of phytophagous insects during their early evolution (Brues 1946) .
During the Cretaceous and Tertiary periods the bulk of the leptosporangiate fern families, containing 80%-90% of the extant genera and species, probably were evolving (Smith 1972; Hughes 1976) . At the same time the angiosperms were also undergoing extensive adaptive radiations (Baker 1963; Hughes 1976) .
During this period two major groups of phytophagous insects appear in the fossil record. The superfamily Chrysomeloidea (Coleoptera) appear in the midTertiary period, although this group may be as old as the Curculionoidea (Crowson et al. 1967 ) and the Lepidoptera is known from Cretaceous (Ehrlich and Raven 1964) .
The comparison of the fern and insect fossil records suggests that, despite broad overlaps between the two groups, adaptive radiations onto ferns have only been minor. If adaptive radiations have occurred, it would be expected that groups of insects well-represented on ferns would be closely related and would tend to be monophagous on ferns. Only the Hymenoptera show this trend. They are overrepresented among the fern feeding insects, tend to be monophagous on ferns, and a large number of Tenthredinidae represent one subfamily. The fern feeding Aphididae also show a high degree of monophagy, but these species are not closely related (Eastop 1973 ). Even at the generic level radiations have been few. Most fern feeding genera have only one species that utilize ferns as a food source.
The juxtaposition of fossil records also suggests that Southwood's (1961 Southwood's ( , 1973 ) "time hypothesis" (as termed by Opler 1974) cannot account for the paucity of insects associated with the ferns. Southwood's hypothesis states that the amount of evolutionary time available to insects for colonization of a new host is important in limiting the number of insects associated with that species. However, most of the extant ferns have evolved concurrently with the angiosperms, and therefore both nonphytophagous and phytophagous insects have had as much evolutionary time available to switch from other food sources to ferns as from those food sources to angiosperms. Also, evolutionarily old insect orders and superfamilies appear to have had no intrinsic advantage due to age over younger groups in their ability to utilize ferns since these older groups are no better represented on ferns than more recent ones.
Balick et al. also point out that there is no obvious correlation between ancient and more advanced insect groups and the degree to which they utilize ferns. They conclude that some groups, such as the sawflies, probably coevolved with ferns prior to the appearance of angiosperms while others, such as the Lepidoptera, have obviously adapted to ferns since the angiosperms appeared.
It is interesting that those insect groups with the more primitive hemimetabolous metamorphosis are overrepresented on ferns and that those groups with the more advanced holometabolous metamorphosis are underrepresented. It is doubtful that this is of importance evolutionarily since these groups differ enormously in other characteristics, such as feeding habits, that are of ecological importance (see discussion of chemical defenses below). Strong et al. (1977) and Strong (1979) suggest that host-plant switching rather than the slow autochthonous evolutionary proliferation of plant-insect associations accounts for the majority of insects utilizing a plant species. This appears to be the case with the insect fauna of ferns. Phytophagy in the Lepidoptera is closely tied to the evolution of the angiosperms (Ehrlich and Raven 1964) and phytophagy in the Hymenoptera is closely associated with woody plants (Brues 1946) . The Homoptera are evolutionarily old and are exclusively plant feeders, but many of the Homoptera attacking ferns appear to be widely polyphagous. It seems most likely that host-plant switching rather than slow evolution of fern feeders from nonphytophagous ancestors accounts for the present insect fauna of ferns.
The probability of such host-plant switching can be affected by many factors. Strong (1974 Strong ( , 1979 , Strong et al. (1977) , and Strong and Levin (1979) argue that the total number of insect species associated with any plant is more a function of ecological factors than of evolutionary time since it appears that asymptotic levels of photophagous species on a plant species can be reached in time spans as short as a few thousand years.
One ecological factor of importance is the geographic range of the host plant species (Strong 1974; Strong et al. 1977; Strong and Levin 1979) . The correlation of host geographic range and number of associated "parasite" species holds for a variety of insect-plant, plant-plant, and parasite-animal interactions.
The effect of geographic range may play a major part in determining the number of species associated with Pteridium aquilinum. Bracken fern is probably of Cretaceous origin (G. Cooper-Driver, personal communication), but the spread of bracken did not occur until disturbances created by man began about 5,000 yr ago (Watt 1976) . During the last 1,000 yr bracken's occupation of new habitats in Scotland and England has been explosive (Rymer 1976) . The large number of insect species utilizing bracken is predicted by Strong's hypothesis that increases in range in ecological time are related to increases in utilization by phytophagous insects.
A similar analysis of the range and number of associated insects of 62 ferns indicates that for a particular geographic range ferns support far fewer insects than angiosperms (M. Auerbach and S. D. Hendrix, in press). Strong and Levin (1979) found the same trend in their analysis of the entomofauna of five fern genera, but Lawton and Schroder (1977) concluded that the insect fauna of Dryopteris villarii in the British Isles is not impoverished. These results can be reviewed when more data accumulates since there is evidence that some of the underutilization of ferns is due to incomplete sampling (M. Auerbach and S. D. Hendrix, in press).
It should be pointed out that, in general, fern species are more widespread than angiosperms (Smith 1972) . On the basis of geographic range alone one would expect more species of insects associated with the ferns than with angiosperms. Clearly, factors other than geographic range are important in delineating ferninsect interactions.
One such factor which should be considered is the morphological complexity of the host plant. Lawton and Schroder (1977) analyzed the number of insects associated with groups of British plants with varying growth forms and found that for a particular geographic range each group has a characteristic number of insects associated with it. Woody shrubs support insect faunas equal to herbaceous perennials, but these faunas are larger than those for weeds and other annuals, which in turn are larger than monocot faunas. In a similar analysis of British plant genera and associated insects, Strong and Levin (1979) found that trees tend to have more insect pests than shrubs, which in turn have more than herbs. Lawton and Schroder (1977) and Strong and Levin (1979) suggest that greater morphological complexity of the host plant offers greater diversity of potential pest niches and that this partially accounts for the decreasing number of pest species associated with different growth forms.
The most obvious and probably the most important morphological difference between the angiosperms and the ferns is the lack of complex reproductive structures in the latter group. In angiosperms these portions of the plant represent a number of habitats not available to insects utilizing ferns. This should reduce the total number of species associated with any one fern since specialized phytophagous insects, such as seed-eating bruchids and flower-feeding Lepidoptera, would probably be unable to switch from these sources to ferns due to the extensive behavioral and physiological modifications necessary for such a change. The number and nature of these modifications greatly influences the probability of successful host-plant switching (Southwood 1973; Feeny 1975) .
Host-plant switching from angiosperms to ferns by insects utilizing vegetative plant parts should not be as great an evolutionary or ecological hurdle. Sites for foliage feeders are as diverse and abundant in most ferns as in herbaceous angiosperms, which suggests that these guilds of insects should not be underrepresented on ferns. This hypothesis is supported by the fact that the number of leaf-chewing Macrolepidoptera associated with ferns does not differ from that of herbaceous angiosperms (M. Auerbach and S. D. Hendrix, in press).
Morphological complexity may influence the number of insects associated with any one fern as well as the seasonal pattern of species diversity on ferns. Tree ferns would be expected to support a more diverse insect fauna than smaller, more delicate ferns; and, since the seasonal developmental pattern of many ferns is one of progression from a small, relatively simple morphological state to a larger, more complex one, a gradual increase in species diversity over the season as is found in bracken fern (Lawton 1978) would be expected.
These characteristics of fern morphology may account for some of the differences in insect diversity between ferns, as well as seasonal patterns of insect diversity, but it is doubtful that morphological differences between ferns and angiosperms will account for all of the underutilization of ferns compared to angiosperms. Thus, factors other than architecture should be explored.
Because differential secondary chemical composition of angiosperms plays such an important role in insect-plant interactions, it is likely that this will also be important for ferns. In general, the ferns are simpler biochemically than the angiosperms. They lack such major groups of compounds as alkaloids (Raffauf 1970 ) and biflavonyl compounds (Swain and Cooper-Driver 1973) , although the latter compounds are found in the Psilotaceae. Also, few if any monoterpenes and sesquiterpenes in ferns have been reported (Berti and Bottari 1968) . Regardless of the lack of compounds normally considered as plant defense mechanisms against herbivory, the ferns appear to be quite resistant to insect utilization. Addition of small quantities of fern leaf meal to the artificial diet of the widely polyphagous Trichoplusia ni (Lepidoptera: Noctuidae) significantly reduced larval growth in 46 of 52 ferns assayed to date (S. D. Hendrix and A. R. Smith, unpublished) . Such widespread unpalatability or toxicity would not only account for the small number of insects which do utilize ferns but could also account for the large proportion of insects with sucking mouth parts that subsist on ferns. These insects may be avoiding the defense mechanisms of ferns by their selective feeding methods. If this is so, it could easily account for the overrepresentation of hemimetabolous insects on ferns, most of which feed by this method. These results need to be extended to include many more ferns and different test insects before potential correlation with either ecological or chemical factors will be possible.
Secondary compounds that have been hypothesized at various times as possible defense mechanisms of ferns include tannins, ecdysones, thiaminase factors, and cyanogenic glycosides (Lawton 1976) . However, evidence pointing to the defensive role of these compounds in fern-insect interactions is largely lacking. Balick et al. (1978) found no correlation between tannin levels and the amount of insect damage to 26 species of tropical ferns, and the role of the phytoecdysones in preventing insect herbivory has not been substantiated with laboratory feeding tests (Robbins et al. 1968; Hendrix 1977; Jones and Firn 1978) . Cyanogenic glycosides are known to be toxic to many herbivores, but their distribution in ferns appears to be limited (Balick et al. 1978) . The potential role of thiaminase factors as a defensive compound has never been tested with insects, although it is thought to be the cause of poisoning in bracken-fed cattle (Kingsbury 1964) .
In general, two major classifications of plant defense mechanisms can be distinguished (Feeny 1976; Rhoades and Cates 1976) . Annual species or ephemeral tissues tend to have specific toxins such as alkaloids as defense mechanisms, while perennial and woody plants or predictable tissues tend to contain more general defense mechanisms such as tannins and low water content. These defenses act by reducing the quality of the food consumed. Futuyma (1976) has found that the feeding specialization of Lepidoptera on woody plants is significantly lower than on herbaceous plants. He suggests that the defense mechanisms of predictable tissues are not easily countered by specific adaptations which would lead to monophagy, and as a consequence species feeding on woody plants tend to be polyphagous (but see Maiorana 1978) . The degree of monophagy of insects utilizing ferns fits the pattern expected for woody species, and it is possible to speculate that the defense mechanisms of ferns are also of a general quality-reducing nature. The biochemical simplicity of ferns and the fact that nearly 75% of the polyphagous insects that feed on ferns utilize woody angiosperms support this. These calculations also suggest that the majority of the present fern insect fauna have arisen via host-plant switching from woody plants.
The theories of Feeny (1976) and Rhodes and Cates (1976) emphasize the importance of escape of either the whole plant or particular plant tissues in plant-insect interactions. Habitat diversity, population size, and plant phenology have all been hypothesized to be of importance (Strong and Levin 1979) . However, the role of these in fern-insect interactions has never been explored. Obviously there are large differences between fern species in regard to most of these characteristics, and they probably will prove important in some specific ferninsect associations.
The evidence presented here strongly suggests that the underutilization of ferns is quite real, yet the investigator of fern-insect interactions is confronted with a series of paradoxes when evolutionary and ecological theories are applied. The evolutionary history of the ferns is long, their geographic distribution is generally greater than angiosperms, and their secondary biochemistry is simpler than these plants. Despite their relatively simple architecture these considerations would normally lead one to conclude that ferns would be well utilized by insects, an obvious contradiction to the conclusions stated here. Studies of fern-insect associations would seem to provide an excellent opportunity to evaluate the role of these factors in delineating insect-plant associations. Considering the potential insights into plant-insect ecology and coevolution to be gained from a better understanding of fern-insect interactions, it is surprising that so little work has been conducted in this area.
SUMMARY
Analysis of the number and distribution of insects attacking ferns demonstrates that significantly fewer insects than expected utilize ferns as a food source. Also, insects which do attack ferns are not a representative sample of phytophagous insects in general. Analysis of the feeding habits of these insects indicates that few families or even genera of insects have specialized on ferns. Juxtaposition of the evolutionary histories of ferns and phytophagous insect groups fails to adequately explain the anomalies seen, since evolutionarily old groups are no better represented on ferns than younger groups. Differences in morphological complexity between angiosperms and ferns (primarily lack of flowers) probably accounts for a portion of the underutilization of ferns, but chemical defense mechanisms and ecological characteristics such as population size or phenology may be of importance. The present insect fauna of ferns appears to have been derived from insects utilizing woody plants via host-plant switching. ACKNOWLEDGMENTS I wish to thank Herbert Baker, Robert Cruden, David Furth, Gillian CooperDriver, Alan Smith, Donald Strong, and two anonymous reviewers for criticisms of earlier versions oTf this manuscript. I also wish to thank David Furth for permission to use his list of insects associated with ferns. 
